SUMMARY During a train of 200 stimuli, F-response frequency, frequency of identical responses, and F-response shape were studied in the ulnar nerve of 17 patients with motor neuron disease (MND) and 16 patients with cervical spondylosis (CS). In MND patients, F-response frequency varied between 5% and 96% with a median of 39% which was significantly lower than controls (p < 0 001), and showed a significant rank correlation with the M-response amplitude (r = 0-62, p < 0.004). Identical responses occurred more frequently than in controls (median 308%, p < 0 001). F-response frequency was normal in CS patients (median 76-3%, range 35% to 97%), but the frequency of identical responses (median 6-3%) was higher than normal (p < 00 1). Reduced F-response frequency in MND was thought to reflect loss of lower motor neurons, while the presence of spacticity was probably the major factor underlying the increased frequency of identical responses in both disorders. F-response shape tended to be simpler in MND and rather more complex in CS patients than controls.
With these points in mind F-response frequency has been studied in patients with motor neuron disease (MND) and cervical spondylosis (CS) in whom variable combinations of upper and lower motor neuron changes may be seen. In addition to the overall frequency of F-response production, the frequency with which identical F-responses occur and Fresponse shape have also been examined.
Material
Motor neuron disease Seventeen patients, (15 males, 2 females) aged between 37 to 74 years (mean 59-1 SD 10-2) with a definite clinical diagnosis and electromyographic evidence of MND were studied. The duration of the symptoms varied between 6 to 38 months with a mean of 15-4 months. All but two of the patients were moderately to severely incapacitated by their illness, while only two showed no muscle wasting and eight had moderate to severe wasting of the hypothenar muscles from which the recordings were obtained. All but three cases had some degree of weakness of the appropriate muscles which was moderate to marked in 10 cases. Generalised hyper-reflexia was present in all of the patients.
Cervical spondylosis
The cervical spondylosis group contained 16 patients (14 male, 2 females) aged between 46 and 70 years (mean 57 6 SD 6-1). These patients were divided into two subgroups 593 594 with eight in each according to the neurological and neuroradiological findings, one with predominantly cervical radiculopathy, the other with cervical myeloradiculopathy. Only one of the patients with cervical radiculopathy had slight wasting of the hypothenar muscles although all had mild to moderate weakness and six had absent or inverted reflexes in the same upper limb. In the myeloradiculopathy group five had slight to moderate muscle wasting, all had moderate to severe muscle weakness and seven had abnormally brisk reflexes in the same limb.
The control group consisted of 21 healthy subjects (14 males, 7 females) aged between 30 and 66 years (mean 48 SD 10), the data from whom have been presented elsewhere.3
Methods
The subjects lay on a couch with the arm and hand outstretched in the supine position. A train of 200 supramaximal stimuli was applied at a frequency of lHz to the ulnar nerve at the wrist using bipolar surface electrodes (cathode proximal) and a pulse width of 0-2ms. Bellytendon recordings were made from the hypothenar muscles using surface saline soaked pads of cm diameter connected to silver disc electrodes mounted in a plastic frame, taking care to ensure the active electrode was placed over the endplate zone. A sweep speed of 5 ms/div and gain of 0-2 mV or 0 5 mV/div were used. The subject was encouraged to relax to prevent interfering volitional activity and the recording was carefully monitored for spontaneously occurring fasciculation potentials. All the studies were performed on a Medelec MS6 EMG apparatus (Medelec Ltd, Old Woking, England) and permanent recordings were made with a fibre-optic recorder using a paper speed of 5 cm/s in raster mode. Only those deflections which had a clear deviation from the baseline and an amplitude of at least 40 pV were accepted as F-responses in order to differentiate them from background noise.
For each F-response the latency to onset and peak-topeak amplitude were measured using transparent graph paper with I mm graticules and the shape was assessed in terms of the number of negative peaks which achieved an amplitude of 10 2), and the maximum number times an individual repeating response occurred was significantly increased with a median of 24 (range 2 to 60) in MND patients compared with controls (median 5, range 2 to I 1, p < 0-001).
The median amplitude of the evoked M-response was significantly reduced in comparison with controls (control 114 mV, range 8-17 mV; MND 45 mV, range 035-135mV; p<0-0001) and a slight but significant positive rank correlation was found between F-response frequency and size of the Mresponse (r = 0-62, p = 0 004), indicating that Fresponse production fell with the loss of lower motor neurons. At the same time there was some evidence that the frequency of repeating responses increased as the M-response amplitude declined (r = 0 56, p = 0-01). Figure 2 illustrates part of a recording from a 37 year old man with MND in which a total of 90 Fresponse were produced during the complete 200 stimulus train, a frequency of 45% which is slightly below the lower limit of 50% observed in the control population. As the figure shows, there was only a small number of different F-response shapes, most of which occurred two or more times. In some traces, indicated by asterisks, it is possible to identify clearly two separate F-responses.
Even in those recordings in which the overall Fresponse frequency was within the normal range, an increased proportion of the responses repeated two or more times. At the other extreme in the presence of severe muscle wasting only two, or in one case a single F-response was elicited. In this situation the response showed a marked increase in firing frequency. F-response shape The shape of F-responses was rather less variable than seen in controls, with a greater tendency for simple shapes, particularly in the presence of moderate to marked muscle wasting when there were fewer responses. The distribution of numbers of negative peaks, based on 1000 responses, was positively skewed (fig 3) , with a preponderance of single peaks and a maximum of 4 peaks in a small proportion. No of peoks The distal muscles of the upper limb used for recording in the present study appear to be affected relatively early in the course of the disease in most patients with MND,5 although there may be considerable variability among individuals. Involvement of these muscles supplied by the C8-T1 segments is less marked in cervical myeloradiculopathy which generally affects the C5-C6 myotomes.
The major finding in patients with MND was of an overall reduction in F-response frequency compared with normal subjects, confirming the observations of Morimoto6 in a smaller sample of cases. F-response frequency was also positively correlated with the amplitude of the M-response. The latter is a reflection of the volume of active muscle and hence can be taken as a measure of the degree of muscle wasting. The relationship between F-response frequency and Mresponse amplitude suggests that the main cause for the reduction in F-response production is a decrease in the number of available lower motor neurons as they degenerate during the course of the disease. Nevertheless, despite a general reduction in frequency, there was a wide scatter of frequency values ranging from 5% to as high as 96% which is at the upper limit of normal. All but three of the patients in the present study had clinical evidence of weakness in the intrinsic muscles of the hand. According to Wohlfart,7 as a consequence of compensatory reinnervation, up to 30% of ventral horn cells may be lost before clinical symptoms become evident, so that some degree of neuronal fall out might be expected in the majority of the present cases. Consequently the presence of nor-598 mal F-response frequencies in some patients might at first sight appear surprising.
The explanation for this finding lies in the marked increase in number of identical responses. Thus in those cases with m.inimal involvement of the hypothenar muscles, loss of motor neurons is more than compensated for in terms of F-response production by an increase in frequency in individually responding neurons. The percentage of repeating responses was negatively correlated with the amplitude of the Mresponse, suggesting an increasing tendency for individual motor neurons to produce F-responses as the disease progresses. Despite this, a stage is reached when the overall dropout of neurons eventually leads to a reduction in F-response frequency from the whole muscle. In a recent study Petajan8 found only a slight and insignificant increase in the number of repeating responses during a series of 20-40 Fresponses in the extensor digitorum brevis muscle in patients with amyotrophic lateral sclerosis. However, electromyographic examination of the muscles in the latter study showed normal or slightly reduced recruitment suggesting minimal loss of lower motor neurons, and this factor probably accounts for the difference in findings, since many of the present cases had clear and marked muscular atrophy.
One of the reasons for the increase in identical responses may be deduced from the single fibre EMG study on F-response frequency by Schiller and Stalberg' in patients with spasticity. They found that while the proportion of motor neurons giving rise to F-responses did not change, there was a significant increase in the production of F-responses in responding neurons. A marked increase in the frequency with which each individual F-response occurred was also noted in the present study, with values as high as 20 and over in many cases.
However, in contrast to Schiller and Stalberg's' findings there was also an increase in the proportion of neurons producing repeating responses in MND patients. While this probably represents a true increase in the number of neurons generating identical responses, another possible mechanism relating to the differences in recording arrangements has also to be considered. In the present study the use of surface recording electrodes precludes a one to one relationship between the. F-response and individual motor units, as obtains in single fibre recordings. It has been shown in normal subjects3 that surface recorded F-responses may be composed of potentials from two or more motor units which have simultaneously generated late responses. Thus as motor neurons are lost, so the chances of overlapping diminish and repeating responses from individual motor units may be more easily recognised, resulting in an apparent rather than actual increase in the proportion of Amplitudes of M-responses recorded from the hypothenar muscles in the CS group were only slightly reduced compared with controls, indicating at most a minimal drop-out of lower motor neurons. Thus it is not surprising that there was an insignificant change in F-response frequency in these cases. However, the slight increase in identical responses, seen particularly in the myelopathy group, might imply increased excitability in the motor neuron pool secondary to upper motor neuron involvement. This may be combined with unmasking of repeating responses due to less overlapping of potentials from individual motor units in those cases where lower motor neurons have been lost.
Studies in patients with cervical myeloradiculopathy have shown corticospinal tract damage and anterior horn cell loss secondary to cord ischaemia.9 These changes are particularly striking in chronic cases and are most marked under the area of compression.'6 As the balance of upper and lower motor neuron changes may vary in different patients, the influence on F-response production will differ accordingly. Thus in one patient with recent onset of spasticity but no evident muscle wasting an increased F-response frequency was recorded, while lower frequencies, usually accompanied by increased numbers of identical responses, were found in more chronic cases.
F-response shape showed rather less variation in MND patients than control subjects. About three quarters of the responses had only one or two negative peaks, compared with just over 50% in controls. Simple F-responses were particularly seen in recordings from wasted muscles, suggesting that a reduction in the number of available motor neurons and therefore a lesser chance of synchronous firing of multiple motor neurons was the main cause for the change in shape. F-responses in patients with CS differed little from controls, although in contrast to the MND group there was a tendency for the shape to be rather more complex than normal. Since there was only minimal lower motor neuron involvement of the hypothe- 
